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Development and validation of real time quantitative 

PCR assays for the detection of olive viruses



Overview

• California is the major producer of olive products in the 

United States with $130 M in sales in 2019 (over 95% of the 

olives grown in the US)

• Super high density (SHD) hedge plantings maximize economic 

gains raise concern about increased spread of disease 

• Developing certification programs and regulations is 

important to protect the olive industry 

• Spread of Xylella fastidiosa in olives causing olive quick decline 

syndrome in Italy 

• Failure of new olive farms in California due to Verticillium wilt and 

olive knot disease



Olives at FPS

Public Varieties

 14 domestic

 15 imported from Rome, 

Italy certification program 

Public Varieties

Arbequina Manzanilla

Arbosana Minutella

Ascolana Dura Mission

Ascolano Moraiolo

Borgiona Nebbia

Cerasuola Nocellara

Chemlali Picual

Coratina Picudo

Cornetta Pocciolo

Coroncina Raggia

Frantoio Salvia

Hojiblanca Sargano di Fermo

Itrana Sirole

Koroneiki Swan Hill

Leccino

• 37 varieties

• 8 proprietary (5 from 

Spain imported under 

588 CIP)



Olive Certification facilities at the experimental 

farm of Tor Mancina, Rome-Italy 



The National Conservation and Pre-multiplication Center 



Olive in Puglia region 

(Southern Italy)



• Causal agent: Xylella fastidiosa. pauca

• Main vector: Philanaenus spumarius

• 1 million infected trees 

• Disease eradication and sanitation unfeasible  

• Strategies enacted to restrain spread within the currently infected 

zone

The disease has spread from 19,700 acres, 

estimated in 2013 to  4,970 square miles in 

2020 (DeAndreis 2020, Olive Oil Times)



Ancient Olive Grove 



 59% decrease in 2019 





Verticillium 

wilt

olive knot root knot 

nematodes

viruses phyto-

plasmas

 Olive is affected by a number of potential or actual

pathogens – fungi, bacteria, viruses, unidentified agents  

(virus-like), and phytoplasmas – that persist in the   

budwood and can be transmitted and disseminated with it.

 Some of these are agents of recognized diseases, other 

cause latent infections, whose effect on olive is yet to  

be determined.

The Problem

X. fastidiosa

pauca



Viruses infecting olive in nature  

Virus species Genus
Geographical distribution 

(first record)

1 Strawberry latent ring spot virus (SLRSV) Nepovirus Italy (1979), Portugal, Spain, USA, Egypt

2 Arabis mosaic virus (ArMV) Nepovirus Italy (1979), Portugal, USA, Egypt

3 Cherry leaf roll virus    (CLRV) Nepovirus Italy (1981), Portugal, Spain, USA, Egypt

4 Cucumber mosaic virus  (CMV) Cucumovirus Italy (1983), Portugal, Spain, USA

5 Olive leaf yellowing-associated virus (OLYaV) Closterovirus Italy (1998), Israel, Lebanon, Egypt, USA

6 Olive latent virus 1    (OLV-1) Necrovirus Italy (1984), Jordan, Turkey, Egypt, USA

7 Olive latent ring spot virus (OLRSV) Nepovirus Italy (1983), Portugal

8 Olive latent virus 2   (OLV-2) Oleavirus Italy (1984)

9 Olive vein yellowing associated virus   (OVYaV) Potexvirus Italy (1995)

10
Olive yellow mottling and decline associated virus   

(OYMDaV)
Undetermined Italy (1995)

11 Tobacco mosaic virus   (TMV) Tobamovirus Italy (1996)

12 Olive semilatent virus   (OSLV) Undetermined Italy (1996)

13 Tobacco necrosis virus   (TNV) Necrovirus Portugal (2002)

14 Olive mild mosaic virus (OMMV) Necrovirus Portugal (2005)

15 Olive latent virus 3    (OLV-3) Marafivirus Italy (2009)

16 Olea Europaea Geminivirus (OEGV) Geminivirus Italy, USA, Spain (2021)



Bumpy fruits: SLRSV

Healthy

Infected

Cultivar: Ascolana tenera

Reproduction of field symptoms in graft-inoculated 

rooted cuttings of cv. Ascolana tenera and recovery 

of SLRSV from symptomatic cuttings were taken as 

evidence that SLRSV is the causal agent of bumpy 

fruit (Marte et al., 1998)  



• Two olive varieties in Croatian Istria: Frantoio and Ascolana

tenera

Findings:  

• Olive quality can be affected in trees with CLRV - Oils from 

infected fruits had significant lower value of K232 and K270 

and very elevated total phenols content compared to those 

obtained from healthy olives



Vein yellowing: OVYaV



Leaf yellowing: OLYaV



OLYaV



• Causes Leaf yellowing 

• Can be completly 

asymptomatic

• 95 % of tested trees 

are positive for OLYaV

OLYaV



• 49 trees from 36 different 

cultivars sampled

• All trees asymptomatic

• 98% showed dsRNA profiles 

indicating viral infection

• 94% positive for olive leaf 

yellowing-associated virus 

(OLYaV)

• 35% positive for cucumber 

mosaic virus (CMV)



OYLaV does not interfere negatively in oil yield and quality 

parameters

Fontana et al 2019



Spread of the viruses and virus-like diseases

 Infected propagating material is the major 

means of virus dissemination



Other possible means ??

 Seed transmission: OLV-1, CLRV

 Nematode vector: ArMV, SLRV

 Pollen: CLRV

 Aphid: CMV

 Psyllid, scale insects: OLYaV

 Leafhopper: Phytoplasmas

 Whiteflie: OEGV

 Without intervention of vector: OLV-1, TMV



Control

• The only control method is prevention

• Prevention is based on the use of VIRUS

TESTED MATERIAL

 Plant disease-tested, certified propagative 

material

 Virus elimination

Virus Management – A Prevention 

Strategy



European and Mediterranean Plant Protection 

Organization (EPPO)

Certification scheme for 

pathogen-tested trees and 

rootstocks of olive

2006 OEPP/EPPO, Bulletin OEPP/EPPO Bulletin 36, 77–83



no. Virus species Genus

1 Strawberry latent ring spot virus (SLRSV) Nepovirus

2 Arabis mosaic virus (ArMV) Nepovirus

3 Cherry leaf roll virus    (CLRV) Nepovirus

4 Cucumber mosaic virus (CMV) Cucumovirus

5
Olive leaf yellowing-associated virus 

(OLYaV)
Closterovirus

Viruses covered by the EPPO scheme



Symptomatology: 

• Does not help much with diagnosis 

Bioassays

• Indexing: not possible, no differential indicators

• Mechanical transmission: possible but unreliable

Laboratory methods

• Serology: ELISA

• Molecular tools: RT-PCR, dsRNA

Clean plant program: diagnosis of olive viruses
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RT-PCR for the detection of 8 olive viruses

(Grieco et al., 2000) 



Campos et al. 2019



Objectives

1. Screen select olive tree populations for targeted viruses to compile a 

representative set of genome sequences (as complete as possible), and 

evaluate current published primers.

2. Incorporate new genetic data into a characterization of genetic variation 

across the targeted viruses to inform assay design.

3. Construct assays by targeting conserved domains and utilizing multiple 

primer sets as necessary to detect all known virus variants. 

4. Empirically test and validate assays using positive controls. 

5. Disseminate research progress and results.



• Obtain olive viruses and virus-like agents from infected plant 

material previously identified positive for:

• Olea Europaea Geminivirus (OEGV) 

• Olive latent ring spot virus (OLRSV)

• Olive latent virus 1 (OLV-1)

• Olive latent virus 2 (OLV-2)

• Olive latent virus 3 (OLV-3)

• Olive leaf yellowing associated virus (OLYaV)

• Olive mild mosaic virus (OMMV) 

• Tobacco necrosis virus D

• Surveys of USDA National Clonal Germplasm Repository 

(NCGR), local trees, and FPS olive trees have located trees 

infected with OEGV, OLV-3 and OLYaV. 

• We will request positive control samples from colleagues in 

Europe for the remaining olive viruses.

Objective 1: Screen olive tree populations for targeted viruses



High-throughput sequencing (HTS)

Bioinformatics 

analysis

Isolated RNA, siRNA, dsRNA 

Library 

preparation
Infected plant material

Category 

Input 7,105,243 Reads

Total assembled contigs 264 contigs

Contigs length 100 nt-9724 nt

BLAST Results

Viruses & Viroids 3,877,117  Reads

Others: Grapevine, Fungal, 

Bacteria

3,228,726

•

• Millions of short 

sequences (reads) 

generated for a given 

sample.

• Reads assembled into 

contiguous consensus 

sequences (contigs).

• Comprehensive picture of 

the entire microbial profile.

• Very sensitive: unknown 

viruses or very low titer 

asymptomatic species can 

be seen for the first time.

- Contigs with a high affinity to plant viruses.

Objective 2: Incorporate new genetic data

NextSeq 500



Design of novel qPCR assays

Generic schematic for PCR detection assay design used by 

programs and web servers (e.g. Gadberry 2005; Duitama et 

al. 2009). 

Objective 3: Construct improved assays

• Evaluate published assays

• Construct novel qPCR 

assays for:

• OEGV

• OLRSV

• OLV-1

• OLV-2

• OLV-3

• OLYaV

• OMMV

• TNV-D



• Sequence data available at GenBank or generated at FPS 

is aligned using a custom script developed in-house.

• Script identifies potential candidates for primers/probes.

• Candidate primers/probes are adjusted according to the 

parameter for TaqMan real-time PCR (MGB probes).

• Adjusted primers/probes are aligned to determine 

identity. 

Objective 3: Construct improved assays



Benefits of proposed project

• Development of robust, sensitive and reliable detection 

methods with a broad-range detection capacity is needed for 

large scale virus testing

• These assays will help clean stock programs and the olive 

industry with early virus detection at a lower cost

• Assays developed will be made available to CDFA and private 

commercial diagnostic labs 

• Providing growers with virus tested olive materials will 

prevent virus introduction and spread 



 FPS has a new SOP using HTS and PCR 

 HTS is required for release of material

 Reduces testing time frame to one year instead of two



Timeline

Objectives 2021-2022

Collect virus sequences X

Locate positive controls X

Construct assays X

Test assays X

Disseminate results X



Budget for 2021-2022

BUDGET CATEGORY Year 1

PERSONNEL:  Salary and fringe benefits. $46,260

TRAVEL $2,000

MATERIALS & SUPPLIES $15,000

TOTAL DIRECT COSTS $63,260

Rate 10% (personnel only) $4,626

TOTAL COSTS PER YEAR $67,886



Thank you, California Fruit Tree, Nut Tree, And Grapevine 

Improvement Advisory Board, for continued support of FPS 


